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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress an offset generated by the translation of an 
objective lens and the inclination of an information recording medium and to keep the 
amplitude of a tracking error signal at maximum even when a track interval of the 
medium is changed by providing a phase adding means for giving a phase difference of 
1 80° to a half surface of one light beam. 

SOLUTION: Two light beams including one light beam to which a phase difference of 



180° is given to nearly a half surface by a phase adding means 37 are 
converged/projected on an information recording medium 5 through an objective lens 
4. The convergent spots are arranged on the information recording medium 5 so that 
the interval between the convergent spots 22, 38 formed by two light beams in the 
direction orthogonal to a track 8 on the information recording medium 5 becomes 
almost integer multiple of the track interval. The tracking error signal is obtained from 
the difference output of a pair of bisected photodetectors 25, 28 receiving light beams 
from the information recording medium 5, respectively. 
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a inv (- x * , - y * ) = e x p { 2 k i • W inv (- x ' , - y ' ) } 
= e x p {2 tc i • (0. 2 5)} 
= e x p ( i • tc/2) (2 2) 

fcfcO, fflW^Jt^X^Tttl/q^lWftT 20 T\ MAT(Da iBV (-x' , -y' -1/q) tt, 

(-y f -1/q) ttHHTfttJQ:*© 
a inv (-x' , -y' - 1/q) 

-exp { 2 7r i ■ W inv (-x' , -y ' -1/q) } 
= exp {2 k i • - 0 . 25} 

= exp {- i • tc/2} (2 3) 

<hT^£o ftoT, S (2 2) , (2 3) Sffl^T, iC (2 1) tt, 

A d_, itiv = Ro • e x p ( i • 7r / 2 ) 

+ R_, - exp {27ti - v 0 /q} - exp {— i • 7c/2 } 
= e x p ( i • tc/2) • [R 0 -R_, •exp{27ci-v 0 /q}] 

(2 4) 

(2 4) tCf^AL, Ilt^t, 

[0 0 2 7] #cfc, S: (5) , (6) £5£ (23) , 

Ad, inv = exp (- i • 7c/2) 

■ R 0 [1 - <*i • e x p { I (tf , - 2 * • v 0 /q) } ] (25) 
A d -i iov = exp (i • 7t/ 2 ) 

• R 0 [ 1 - a_, • e x p { i + 2 7t • v 0 /q) } ] (2 6) 

ffl^A, Bfn^nT©*^*^^ (2 5) > (2 6) *S*tft«ff6ft, -tn-ftltt, 

I Ad, iDV I 2 = I R 0 I 2 [ ( 1 + a, 2 ) - 2 a, • cos (i/> 2 k • v 0 / 

a) ] (2 7) 

I Ad_, inv I 2 = I R 0 I 2 [ (1+a, 2 ) 

-2a_,-cos (t/>_,4- 2 7C • v 0 /q) ] (28) 

fcfc*. 2oos5ts*^©a**«?-n-€ r ni d, inv , i d_, lnv t-rn«, 

I d t inv =K, ■ I Ad, inv I 2 + I 0 /2 (2 9) 

I d_, inv =K_, • | Ad, inv | 2 + I 0 /2 (3 0) 

iM&i-rs. f tt, H^^^>^Hff^TE inv 45 ttld, in ^Id, iDV ^filTl^if:, 
TE inv =K, I R 0 I 2 • 4 a,s i n ij> , 

• [— s i n (2 k • v 0 /q) ] (3 1) 

<ttt*. TE inv UTEO«ffSSfiStt'b<JDt*L /:« 

Tttfo-fe, h77^fnWSfiffi^TE inv t [0 0 2 8] WZ. ^ffi<DMmiT"%*>tl2>b7y3r> 
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«£\ y sssnsiuiAT E 1 

TE1=A1 -sin ( (2 tc • v 0 
C1C1T% Bl • uttu^/h^^^^utCit^J-rs^-^ir 
y 5t<ft»8 2 5±CMtX#y h 3 l**y 

Al Bh7 7^«*r«»OfidT»S. raU«» 
TE2 = - A2 • s in (2 7t • v 0 
ZZT\ B2 • u»4u3W/hS^I*K:uKHfc« 

h 3 2 # y (OiEl&iajfcHMfirr * d £ t~ ct o Tffi3£f £ t> 

T»*;i£***LT43?K ^»B2 «^^CB 1 tHfif 
T E S = T E 1 — (B1/B2) 



3: (13) &m^T)HT<D&o\zm'?Z.h&T'Z 



/q) + Bl • u (3 2) 

05 T, ¥M\z 1 8 OS0fiffi^e»tiitt-Ai:J:§y 
^->zLy;UteT0)Jiai*T*STE2 ttiC (3D ^ 

/q) + B2 • u (3 3) 

10 [0 0 2 9] ffljfifcckiK, TE2 ©h77^i 

»f^ofit§«TEi tjt^r 1 8 oarfnx&o, — 

AltRl«F#) o fot, l***iJ»i»«»<BfiJ»G£Bl 
chB2 ©Jt^*b<bT»6n*h^y*>ifRIS« 
15 ^TESte, 



TE2 

= A1 - sin (2 7C • v 0 /q) 

+ (B1/B2) A2 



= {A1+ (B1/B2) A2} -sin 

•fey h JS^K^TS ZZ-ttf^Ztirco 
[0 0 3 0] W«K, 3tx>TX^O«#fc»LTt)3tlft 

h 7 y * > >/Rfe«*lG>««#* 2 o (7) jf0fcXtf; y h <Z>P*1 
M£tim£&JK#<Z> h ^ y $ WHOJttftSt* 4: V> 3 

:b5?cht>, 2 0©*JtX#7 M4 h 7 7 * LT¥ 35 ffl 

[0 0 3 1]*I<OB12. B5tt^OJ8W©*«©» 
l2T^^h7 7 + >^MfflgiC0M^tfffl 
BITfe^o Bfci3V>T, ftMfl, 2, 4, 5, 6, 8, 
9, 14, 15H08, 9\Z^tz'&Jk&W<Dh<D£m 40 

A*K»t5 tftl:f«Eft«* 5 * 6 ©£»K- A S 45 
Z^X^U y^, 4 1, 4 2, 4 3li«« 

u, (x,) =h (x,) (^cl, y, >0 ;±¥I) , 
u, (x,) =h (x,-X 0 ) (flL, y, <0 ;T¥S 

meWo AtiE^&^WfiT&^o & so tr, 7^>*- 



sin ( 2 7C • v 0 / q ) 
(2 7U • v 0 /q) (3 4) 



X^7h4 1, 4 2, 4 3^e>CDSWtf— AtWt^© 

/^y^-is\zM®znrz3z}<D2ftmy£&i%\%g2 5, 2 

8, 4 5TS)tSnS. 4 5 **|feffi<0JgSg 1 fc: 

»UT«r^^*ASftfc2»«3ttft*0»T*O, 4 6, 
4 7 **2#»J3fctft»»4 5<B2a<&33fcHT»S. S 

fc, mzm*MTz>m6\z\$7£2nT^z>&. 3o<z>2# 
W3t«ias2 5, 28, 4 5±\z\&tn?nyt7stfy b 

4 8, 4 9, 5 0M$n^o 5 1tt2#SJ3fc*fl]« 
4 5<Offi**««J(&*n*S6«|i«Ba, 5 2, 5 3l«tl 
-PtlfiJWGK G2T»§pIS*im»'IBST*«o 
[0 0 3 2] H6ttilO^^SB©Jgl|g2^*3^T, 

&Z>o mft<Dyt¥^y FTH SjftteTCDJi^te 1 0^ 
610 0/iml:SSStl5. ^TW6^3S:«t5^, ±¥ 

±*HtT*BIBlc 1 8 0*Offi*J6t»*T***m 
[0 0 3 3] IsISrtt^ t-«*t3tfc;-A3Wfl8»Sn-6» 



X 0 =A/2) 

(3 5) 
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u 2a (x 2 ) = k S h (Xj) -exp 



u Zb (x 2 ) =k J h (x,-X 0 ) 



(i • 2 7Cx,x 2 /AL) dx, 

(3 6) 

fi«$Mfru lb (x 2 ) tt, 

05 

exp (i • 27CX,x/AL) dx, 

(3 7) 



x l -X 0 = 
u 2b 



s 

(x 2 ) =k I h 
= k • 



(s) 
exp 



= e x p ( i 
= e x p ( i 

&m\*x 2 m&T\ ±L • (A/A) Tfc^OT, ±j£ 

u 2b (±L • (A/A) ) =e x p 



So 

mm%&&ffi6±T?(D3~D<Dmyt7s#yb4i. 42, 4 

4 1^0^IU^^J:S*^X7p^ K 4 2^-1*0 
W»«««5 3£Sn*_, £e>K, ^I3^C0?iJt#G<7)pJ^ 

$mm<m^3 5co^t>otcfijf#G2 (DPi^fijfttftfgs 5 

2^gHHL,fct)C0T$>So Mffi^TEl , G2 fl£«*n& 
Mt«^TE2 , G3 «SnfcSHl*TE3 te^Kjite^ 
3 6JCA^^n, M»*i*Ig§3 6©HIAiLth7*;* 
TE1 = Al • s i n ( (2 k • 
£C1T\ Bl • u\*utffr$imiZu\ZltmT%>*-7± 
3t«fe«»2 5±<0#X#y h4 8**y 
<DlEJj\iQ\Z&mTZ> d T*£f * fc«rc»*. 

Al tth7y?*Ur«»Ofi«"(?»*. HU^ffi 
TE2 = -A2 -sin (2 tc • 
<fc*i*r*. CdT, ettftStXtfy h4 1 tIRftXtfy 
h4 2<Dy^OiE«{bLfcraPB-e*So 
[0 0 3 6] £fc, B2 • uttu3&«/h*^KffcuCit« 

h 4 9 *>*y <DJE^fa\Z&mTZ> utiaoTStn t> 
CDT&So T E 2 <Z)h5y^«t»ffiK»C0fil[*B«TE2 £ 
TE3 = -A3 -sin ( 2 tu • 



• exp { i • 27tx 2 (s + X 0 ) / A L } d s 
( i • 2 tcx 2 X 0 /A L) 

Sh (s) - exp {i • 2 7tx,s/AL} ds 

• 2 7Cx 2 X 0 /AL) • u 2a (x 2 ) 
•7rx 2 A/AL) • u 2a (x 2 ) (3 8) 

<Z>x 2 £±L- (A/A) £ttA-f*Ui* 

15 

(± i tc) • u 2a (±L • (A/A) ) 

(3 9) 

>^8R«(S^TES««#6n*. «$8f3li®6_kT<£>3 
^«3tX#7N4 1, 4 2, 43(^)3^, 4 1 teMS* 
20 OBSR^<O^X2^-/ htfc^ 4 2, 4 3te2t3©#fc 

X#7h41, 4 2, 4 3<0 3 5»»T*2fiW>*3fc;* 

25 i7T«g«MX^7 h<0MIHtt*T»*rt*, h 
[0 0 3 5] ^M<D»JB2^*^Tt>h5y^> 



35 



j.y;uffi*^e»#e>ti*ism*TEi a, s (13) £jb 



v 0 /q) + Bl • u (4 0) 

40 !y^i^;i/ffiT©iiai*-e*«TE2 ttSC (3 1) ^ 

(v 0 + e) /q) + B2 • u (4 1) 

tfc^Tl 8 OX (l + e/q) S*TnXt5 0, -A2 ** 
45 h7y*i(rfilt»OifiT*5 (*£SfcA2 tt«»Ali: 
IsJft 1 -^) o ££KI, OO^StC 1 8 0g(?)fiffi^ 

5TE3t)S (3 1) 

(v 0 - e) /q) + B3 • u (4 2) 
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h 5 0 ^ y <DjEJjfa\Z&W}-rZ> ZLh\Z&-o T^4t§ 

TE3 Oh^^i7«|»f^Ofi[ffittTEl t 
it^Tl 8 OX (1-e/q) g^tlT^O, -A3 



05 



TE' =-C-cos (27ce/Q) 



[0037] "immmmms immci * 

HtH^TEl <2G1 fSCD^-tr-/ h^(Dii^|i<^:TE , 10 
TE S=G1 • TE1-TE* 

= G1 • Al • s i n (2 tc • v 0 /q) 

+ C • c o s ( 2 tc e / q ) • 
= (Gl'Al + C-cos (2 tc e/q) } 



w«f*> . ri«*j»*«»5 2, 5 3fn-eno 

f0t#G2, G3 £Hm*jTE2 <BG2 f&<0 h 5 y *BWr 
TE3 <DG3 «Oh5y?*»r«»Ofi 

s in (2 tc v 0 /q) + D • u 

(4 3) 



^nfco fc£U h77*>^RSfifTES<DfiSli 
BP'S, m&lTZMytXtfy b<DyJjfa<Dmm&*> 



20 



\z. ft^j x#<Dm$\zttVX*yttkto»±<D3-D<Dyt 

X 0 =A/2 +A(5/ (2 tt) - (A/2) • (1 + 5/tc) 
tl^fc»^l:ffiatSOT, £5£ (4 5) ZjZ (3 25 6) IzRXTZ* 
u 2b (x 2 ) =exp { i • 2 tcx 2 (A/ 2) 

• (1 + <5/tc) / (AL) ) 



sin ( 2 tc v 0 / q ) 
• s in ( 2 tc v 0 / q ) 
(4 4) 

TES^^7t7 h 

coo3 8] *«fi<o»!82^45^T, mm#¥ 
<D±*m<Dmmmm£T¥m<Dmmmm<Dmz*&&z 

8 o«*>e> i8o- s/tcs (6 ??t» ?nfzm& 

®CDteffl^£*#>£o utlH i (35) fc*3^T, 

(4 5) 



(x,) 



= e x p ( i • 7t x 2 A/ (AL) ) -exp ( i tc x 2 <5 A/ ( tc A L ) ) 



• u 2a (x 2 ) 

±^(Cx 2 =±L ■ (A/A) ^f^ATtl 30 «, 
u 2b (±L • (A/A) ) =e x p (± i tc) 



= exp (± 1 TC ( 1 + <5/tc) ) • 

£#£o SC (4 7) ttl«3tl:Slt« (tc+<5) 
^7><£>te*Bi£^ — l^HISfJt^LT^— (tc+ 35 

[0 0 3 9] m*T* TE2 £;K£)£o T E 2 ttimSftS 
W iDV (x, 
W jnv (x, 



u, 



(4 6) 

exp (+ i 7t d / k) 
u 2a (±L • (A/A) ) 
(±L • (A/A) ) (4 7) 



T&£o LMbT, SC (4 8) a>S*ft»T, 5£ (1 
6) (3 1) STOff»*fT'5t, TE24 , COh^ 

TE2 t =K, I R 0 | 2 • 4 a,s i n , 



?39 trj:oT*i;fc i ^ciusfjt^ckoTt&e>nsm-^ 

T$»^)o l^im»T3ttc3*LTtt (tc+5) y^TXD®. 

«!S*«#lnisnfc(k^5citJ4, (i 5) coo. 2 5 
£$/ (4tc) siraAsctWRttST*. "fftfc>%, 

y) =0. 25 + 5/ (4tc) (^cl, y>0<7) < h^) , 

y) = -0. 25-<5/(4tc) (fzfzL, y<0<D£^) 

(4 8) 

y 9 HMfSLto T E 2 t <£> J: 5 * tf> £ *l <5 , 



[0 0 4 0] SSfcl, TE3 ^^.o TE3 ttEJSrtt 45 
^3 9 fccfc^T^Efc- l#imJfrftfc<fcoT?#Sn3<I 
^TfcSCDT, - (tc+5) ^^7><D^m^±Km 

W inv (x, y) = -0. 25-5/ (4 tc) 
W inv (x, y) = 0. 25 + 5/ (4 tc) 



[-sin (2 tc • v 0 /q — 6 ) ] 

(4 9) 

tTKm<Dmizi)nttm&$:^7LZ>o rniis (15) 
aftboica (so) sffl^seiticsets. 



(fc«U y>0C0£t*) . 
(7c£fU y<0CD£^) 

(5 0) 
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LfcAioT. 5£ (5 0) 3&^S&»T. S (16) 
(3 1) STOW-»*ff'5t. TE3 fOh7y?i»r 
TE3 t =K, I R 0 I 2 • 4 a, s in 

[0 0 4 1] Lfc*<oT. Bl^flJ#Jfli|iS 5 2 . 5 
n^n©fiJ#G2 . G3 ^^C('^m^TE2 ©G2 « 
<D h y V 2ffiWif$.ttC0M<l®£. TE3 ©G3 fg© h y y 

- c o s 5 • s i n (2 7t ■ v 0 /q) fcit03TS 

h7•y^«»f^£»$■}f•p^i^TE , #»sns. com 

^TE' l:lififflIi:M>t6'ft7t7 h«fg£l>& 
6<D&&lZittn\l.TMmZ{&TT2>. TE1 ttfc 
tttfi t««M«T*-5CDT, TE' £G1 fgLfcT 
El Of*^»6nSh77*>^f«fTESItfe 

[0 0 4 2] m&\Z, *i6©»IB2©jpJj*S*t«)5 
<h, **©»IB 1 T&^fcfflj&K:ilO*.T, 1»?Bt3g*J«# 
±©HtffcX#v h©EBWK£«(HBttiro#&##*«te 

[0 0 4 3] 

[0 0 4 4] 2*©3ttlf-i»*»»V'>X*^LT*« 

whyy>7mm<Dmm$kfetti.?>&5\z&sL. c©* 
u — »©2«-w>t«»i«©ism*©aE*»& 

[0 0 4 5] Sfc, 3*©^tf-ASr*f%(U>X*^L 
5 % 2 #©#£— A©»&¥S (CBg 18 0 S©ftfgM£4- 

^.sffitiftJiBfStbT. nS¥®©JlW«jg©fi:ffi*<t> 

■5-3EF©ISi|s®K»J«*4l&»«i*j6©teffitlSl 8 0 

©MfBtif ffifB^!*tt:± h77^7 tilSS-r •5*[Si©BSJIB^ 
byyy HQ Rf©S§MIS^ t ft * <fc -5 K Wf SHift X # h 



J&#TE3 t *^T©«tP5)<i*^tl-5„ 

, • [-sin (2 7C • v„/q + 6) ] 

(5 1) 

3 i@© 2 «-«3t«tt»©36ta*J&> £ h 5 y * >^MMft 
10 ^WLV&.ftmz&&iEn%mm*imi£lXtcVyy*r> 

[0B©f9WftlfcBJi] 

[01] CO^©il©f 1 1 TibifA-y h 

15 [02] hi Kfettsflrffl^Mip^a©— «*^-r«ws 

[03] iO*BO*«C}g*lC*l,sT, 
B±©*7tX#-> h©fiiWfi, 2£MM%«k*lfll. h 

20 [04] z.nmmmmcni&mi \z^x, ^^x 

^a>6©Klt#£^-f 0T2&-S. 

[0 5] z\e>&we>&ne>mm2-Q$>2>7l'^y H© h 
7 y * > ^TOfcttWgBOfcJfcfciK-raSigT* s. 

[0 6] Jl©58IB©*lt©»*2C*^T. tefflttim 
25 ^g<hLT©IH&f^©«jg&^-r«tBS0TS.S. 

[0 7] d©^Hfl©S|ig©^gg2fc*3^T. tifSBfBi* 

7-y + >yKMfs^^^^$it-5Ielg§^*-r0Tafe-5), 

[0 8] &*<Dbyy*>y*mmtkmmwv>mi$.&7F 

30 -r«B§0Tab^o 

[09] vt^m<obyy^-> if mmmmmmomm 

[010] fie*©fl!i©h7y=lr>yRjS*fflSBC* 
t^T. W«E»B±©Jfc3teX#y hOteBBWRt. 2# 

*-r0-tr&-5>. 

[011] «E*©te©h7y*>5 r RS6iBa»Blc* 

40 [«F^©Hft9i] 

4 %mV>X, 5 tit$fiiES«Mfc, 8 h77?, 1 
6 , 17 2 5,2 8 2 »*J3tttftI». 3 
3 ( 3 4, 3 6 2HfJ0(B88. 3 7 tefflttiO^S. 
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